Background and purpose: Syncope is caused by disorder in blood flow to the brain and usually occurs in autonomic system dysfunction. On the other side, heart rate and systolic blood pressure response during cardiac exercise test as well as recovery stage depend upon autonomic nervous system. This research compares heart rate recovery (HRR) and systolic blood pressure recovery (SBPR) following exercise test among patients with vasovagal syncope and normal individuals. Research methodology: In this cross-sectional descriptive study, 31 patients with vasovagal syncope confirmed by head up tilt test (HUTT) and 32 normal individuals were investigated within 2015-2017. Systolic and diastolic blood pressures, as well as heart rate were measured for both groups in the first and third minutes post exercise test; and any changes in blood pressure and heart rate were compared. Findings: 48.39% and 51.61% of the patients group were female and male, respectively; and 59.37% and 40.63% of control group consisted of female and male. Mean age range in experimental group was 39.31 and 34.45 for control group. Mean HRR and mean SBPR for minute one was higher in patient group than control group (P value=0.1) and P value=0.12) respectively; while, mean HRR and SBPR for minute three showed larger in control group than the patients (P value=0.31 and 0.1) respectively. Conclusion: Patients suffering from vasovagal syncope showed different recovery test response than control group due to autonomic system dysfunction.
INTRODUCTION
Syncope is a loss of consciousness caused by disorder in blood flow to brain for a short period and spontaneously recovers. It is characterized with fast onset, short duration, and spontaneous recover (1, 2) . Syncope is a critical clinical issue as it is common, costly, and often disabling, which may even causes loss and hurt. Further, it may be the first warning sign prior sudden cardiac death (2) . The annual incidence of syncope is reported 1.3 to 2.7 per 1000 population in year (3) . 40% of adults experience syncope at least for one time (4) (5) (6) . Several factors cause syncope; however, the most common at any age range is neurally mediated syncope (7) . The neutrally mediated syncope (also known as neurocardiogenic, vasodepressor, and vasovagal syncope) has been used to describe a common abnormality in regulation of blood pressure characterized by an abrupt onset of hypotension with or without bradycardia (2) .
It is stated that vasovagal syncope caused by a paradoxical reflex begins when ventricular preload is decreased as a result of venous pooling. This reduction leads to decrease cardiac output and blood pressure, which is sensed by atrial baroreceptors. It finally leads to vasodilatation and bradycardia through a set of relevant chain responses by vagus nerve stimulation (2) (3) (4) (5) (6) (7) (8) .
Patients with vasovagal syncope are usually evaluated by using head up Tilt table test (HUTT).This test is considered abnormal or positive in case patients experience syncope during the test. Positive tilt test includes vasodepressor or cardioinhibitory response and or combination of both. In this test both sympathetic and parasympathethic systems are involved and abnormal response indicates dysfunction of autonomic nervous system. Sympathetic and parasympathetic system tones also undergo some changes during different stages of cardiac exercise test so as the parasympathetic system is initially inhibited; then, sympathetic system is activated. Once cardiac stress test is stopped, parasympathetic system is dominant at the recovery phase to decrease heart rate gradually.
Since both sympathetic and parasympathetic systems are actively involved in both recovery phase of exercise test and HUTT, assessing patients suffering from vasovagal syncope confirmed by HUTT by exercise test can provide useful and practical information about changes it autonomic nervous system. OF note, prognostic significance of abnormal HRR is strongly independent from drug usage (even Beta-blocker), maximum level in cardiac stress test, severity of coronary artery involvement in angiogram, treadmill Duck score, ejection fraction, electrocardiographic abnormalities during cardiac stress test, and chest pain (9) .
Meanwhile, reduced heart rate at the recovery phase of exercise test is an independent factor to determine prognosis and mortality in these patients (9) (10) (11) .
Prior studies focused on reduced heart rate in a constant period once cardiac exercise test is completed (12) (13) (14) (15) . At break time following cardiac stress test, HR must rapidly decreases. Whether the patient is standing or sitting, decreasing of heart rate must be over 12 beats in the first minute and more than 22 beats for the second minute post exercise comparing maximum HR during test.
HRR=HRmax -HR1 or 2 minutes later Normal blood pressure response to cardiac exercise test is gradual increase in systolic pressure up to 160-200 mmHg. However, diastolic blood pressure showed no significant change.
In recovery stage of exercise test, systolic blood pressure gradually decline through activation of parasympathetic and mitigation of sympathetic system. Subsequently, measurement of blood pressure in recovery phase might provide useful clinical findings about function of autonomic systems.
It is noteworthy to emphasize that lack of increase in systolic blood pressure during exercise , decreased in systolic blood pressure or reducing systolic blood pressure to less than break level are regarded abnormal and indicating inadequate increase in cardiac output resulting from left ventricular systolic dysfunction or systemic vascular resistance impairment (9) .
The present research is conducted to assess SBP recovery and HR recovery post-cardiac exercise test in patients suffering from vasovagal syncope. The research hypothesized that cardiac exercise test abnormalities, including HR recovery and SBP recovery may be probably associated with vasovagal syncope outbreak. Since vasovagal syncope lacks any definitive treatment, further studies may shed a new light on findings of etiology and treatment.
RESEARCH METHODS
In this cross-sectional descriptive study, 31 patients suffering from vasovagal syncope confirmed by head up tilt test visited at Farshchian Heart Center, within 2015-2016 , and 32 normal individuals (control group) were analyzed and both groups compared in term of blood pressure and heart rate post-cardiac exercise test alterations. Research participants' history was collected; further, all underwent physical examination, ECG, and echocardiography. Research exclusion criteria included patient dissatisfaction to continue the study, taking heart rate or blood pressure effective medications, diagnosed coronary artery disease, prior myocardial infarction history, left ventricular dysfunction , cardiomyopathy, congenital heart disease, left ventricular hypertrophy (LVH), mitral regurgitation, aortic stenosis, artificial cardiac pacemaker, preexcitation syndrome, atrial fibrillation, hypothyroidism and hyperthyroidism, hypertension, chronic obstructive pulmonary disease, malignancy, musculoskeletal or orthopedic disorders, and heart failure history.
Statistical Analysis
Post-cardiac exercise test HRR and SBPR data for the first and third minutes were collected in patients and normal individuals; then, data were analyzed through SPSS 16. Data normality of systolic blood pressure and heart rate was evaluated by Shapiro-Wilk test. Given data normality, post-cardiac stress test mean HRR for the first and third minute and mean SBPR for the first and third minute in both groups were compared using parametric independent t-test; further, SBPR mean for the first minute was compared using non-parametric Mann-Whitney test. To obtain the proper cut point in order to distinguish patients and normal individuals, Tilt test sensitivity, specificity, positive and negative predictive value, as well as HRR precision for the first minute post-cardiac stress test were measured at several cut points and ROC curve was illustrated. To attain a proper cut point distinguishing vasovagal patients from normal individuals, many several cut points were created at mean SPBR interval for patient and control groups using one minute post-cardiac stress test SBPR through software. Research significance level is 0.05.
The present research is conducted with the approval of ethics committee of Hamedan University of Medical Sciences, recommended by medical school under Farshchian Hospital management permission.
RESULTS
63 individuals (31 patients and 32 as control) participated in this study in which 15 individuals (48.39%) were male and 16 (51.61%) were female in experimental patient group; whereas, control group consisted of 19 male (59.37%) and 13 female (40.63%) (P=0.38).
Mean age and standard error obtained 39.31 ± 1.19 among patient group (minimum 13 years and maximum 73). Mean age and standard error of control group measured 34.45 ± 2.64, minimum 29 years and maximum 57 years old.
Respecting age range, patient and control groups showed no statistically significant difference (P=0.096).
Mean HR recovery and SBP recovery at the first minute after cardiac stress test in patients suffering from vasovagal syncope were larger than control group; however, statistically insignificant (P value=0.1 and 0.12) respectively (Table 1) .
Meanwhile, the third minute post-cardiac stress test HRR and SBPR results revealed less level in vasovagal syncope patients than control group which were statistically insignificant (P value= 0.31 and 0.1) ( Table 1) .
To estimate post-cardiac stress test HRR precision distinguishing patients from normal individuals, first minute HRR sensitivity, specificity, positive and negative predictive value were compared with mean and up to three scores larger and three scores lower than the mean; hence, first minute HRR at cut point 47 represented the highest precision (55.56%) and ROC sub curve level (56%) ( Table 2 and Figure 2) .
To attain a proper cut point distinguishing vasovagal patients from normal individuals, many several cut points were created at mean SPBR interval for patient and control groups using one minute post-cardiac stress test SBPR through software. For each cut point, specificity and sensitivity were also obtained in addition to ROC sub curve level; ultimately, systolic blood pressure recovery showed the largest ROC sub-curve area (0.587) and diagnosis precision (53.97%) at cut point 18 mmHg ( Table 3 , and Figure 2 ). 
DISCUSSION
Syncope is a transient loss of consciousness due to transient global cerebral hypoperfusion characterized by rapid onset, short duration, and spontaneous complete recovery (18) .
The most common causes of syncope in all age groups are neurally mediated disorders (1,7). These are benign conditions with no associated increase in mortality that are characterized by vasodilatation or vagally driven bradycardia or asystole, which cause profound systemic hypotension and consequent dizziness, presyncope, and syncope (5). It is stated that withdrawal of peripheral sympathetic tone and an increase in vagal tone can result in vasovagal syncope (2) . This syncope often has benign course, however, due to recurrence and lack of specific treatment, it can be so debilitating for patients.
Patients with vasovagal syncope are usually evaluated by using head up Tilt table test (HUTT) and according to results of abnormal test, the patients are classified to three groups, vasodepressor, cardioinhibitory and mixed type.
The heart rate and systolic blood pressure increase during exercise test because of an increase in sympathetic tone and a decrease in parasympathetic tone. At the cessation of exercise, under normal circumstances, the reverse process occurs. That is, first parasympathetic tone increases and then sympathetic tone decreases.
Since changes in the heart rate and blood pressure during recovery phase of exercise test and abnormal response during HUTT depend largely on tone of sympathetic and parasympathetic system, evaluation of patients suffering from vasogal syncope with exercise test may provide some valuable information.
To the best of our knowledge there is a very few if any study about abnormalities of exercise test in patients with vasovagal syncope.
HRR as a parasympathetic tone index was only evaluated in Kocabas et al (17) to diagnose neurocardiogenic syncope. In this study, heart rate recovery was significantly higher in patients suffering from vasovagal syncope than control group for the first min. The authors deduced that first minute recovery may contribute in neurocardiogenic syncope diagnosis (17) . Accordingly, the present research results also implied higher HRR in vasovagal patients than control individuals at the first minute recovery phase consistent with Kocabas finding.
According to the research results, post-cardiac stress test mean SBPR and mean HRR at the first minute were higher in patient group than control group (regarding parasympathetic system contribution) indicating high parasympathetic tone in individuals suffering from vasovagal syncope. It means that blood pressure and heart rate rapidly decline in patients suffering from vasovagal syncope than normal individuals.
On the other hand, higher HRR and SBPR at the third minute for control group comparing patients group indicates that in patients group tone of sympathetic system decrease with greater extent than control group after three minute of exercise cessation.
Post-cardiac stress test SBPR, in the present research, was larger in patients than normal ones after one minute. SBPR at cut point=18 mmHg showed the widest ROC sub-curve area (0.587) and diagnosis precision (53.97%). SBPR diagnosis precision at the first minute was even larger than HRR in differentiating vasovagal syncope and normal individuals.
In short, this study in principle confirms that autonomic nervous system plays an important role not only in pathogenesis of vasovagal syncope but also different response of these patients to recovery stage of exercise test.
CONCLUSION
This study shows physiologic changes in sympathetic and parasympathetic tone immediately after cessation of exercise test (recovery phase) is noticeably different in patients suffering from vasovagal syncope compare to normal individual. Moreover, HRR and SBPR impairments, especially at the first minute recovery phase confirm autonomic system dysfunction in patients enduring vasovagal syncope.
Research Limitations and Recommendations
Mean age range was higher in control group than patient group. Although, they showed no statistically significant difference; equal mean age range may improve study strength. Patient group, in this study, consisted of the individuals previously experience vasovagal syncope during head up Tilt test. But control group lacked Tilt test assessment before study.
False positive result of head up Tilt test is another limitation should be taken into account.
